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Centrifugation. The rotor was accelerated to the desired speed and water was allowed to flow through the continuous-flow system which consisted of a feed nozzle, selected to provide a suitable calibrated flow rate, leading into the bottom of a BR7-34 separator bowl of a Sharples Supercentrifuge (I A, open type ; Pennwalt, Doman Road, Camberley, Surrey). The rotor was fitted with a corrugated rubber liner with 18 grooves running around its circumference, inserted on a thin plastic liner for ease of insertion and removal. The liquid entered the bottom of the rotor coaxially, was distributed by quadrant plates, and then passed up the bowl wall over the corrugated liner before being discharged in an annular layer through the overflow weir. The depth of the liquid layer on the bowl wall was dictated by the difference between the wall radius (R) and the radius of the overflow weir ( S ) ; this depth was constant at rotor speeds between 10000 and 23000 rev. min-l and at flow rates between 0.3 and 1-9 1 min-l.
Assuming that no re-entrainment of previously sedimented particles occurs as the liquid leaves the rotor and that the flow within the rotor is streamlined (Bradley, 1962) , the particle trajectory within the system is the resultant of the radial settling velocity and the velocity distribution across the liquid layer. Do, the size of particle which will just settle from the liquid in the time taken for the liquid to move the length of the bowl wall, is given by the equation :
in which Q is the flow rate (in cm3 s-l), L, R and S are the length, outer and inner radii of the liquid column respectively (all in cm), x, is the radius at entry (in cm),
(in cm-2) and K = -
in which d and p are the densities of the particle and liquid respectively (in g ~m -~) , o is the ' angular velocity (in rad s-l) and 7 is the viscosity of the liquid (in g cm-l s-l).
After checking the flow rate and rotor speed (using a calibrated Variac control unit), the siphon was transferred from the water reservoir to the exponentially growing culture in the growth vessel. The culture was allowed to flow through the system until only IOO ml remained, when the flow was abruptly terminated by clamping the inlet tube with artery forceps. The rotor was run for another minute at the same rotor speed and then accelerated to top speed (23000 rev. min-l) for 5 min in order to pack the cells in the grooves of the insert.
After deceleration, the rotor was dismantled and the rubber liner was carefully removed on its plastic insert. The rubber liner was then unrolled, and organisms were recovered from the grooves using a spatula and Pasteur pipette. Successful separation of various size classes of organisms requires that the full length of the rotor is utilized for sedimentation; suitable conditions of flow rate and rotor speed may be calculated from equation (I) or by practical determination of the rotor speed which is necessary to prevent any organisms appearing in the effluent from the centrifuge at a fixed flow rate. We have found that at high flow rates (e.g. 1900 ml min-l) a considerable end-effect at the bottom of the rotor leads to mixing of cell sizes, and hence to loss of resolution in the first six fractions subsequently obtained. At rotor speeds lower than 8000 rev. min-l, the surface of the liquid column is no longer vertical and some loss of holding volume occurs. 
RESULTS A N D DISCUSSION
Representative frequency distribution histograms obtained from cell size analysis are shown in Fig. I for each of the organisms. Large organisms were predominantly sedimented near the feed inlet end of the rotor (low fraction numbers), while the smallest size classes sedimented near the outlet end. For S. pombe and the three protozoa, positively skewed distributions with a single mode were obtained; those for the budding yeasts were more complex, with C. utilis displaying a bimodal frequency distribution with an increasing proportion of the larger of the two populations in the higher fraction numbers. With Cr. fasciculata, rosette formation made a one-step fractionation procedure impossible ; Succhuromyces cerevisiae ~2 2 u (I I 800 rev. min-l, 600 ml min-l); (c) Candidu u t i h N C Y C I~~ (14000 rev. min-l, 730 ml min-l); ( d ) Crithidiu fmciculutu (15000 rev. min-l, 800 ml min-l); (e) Acunthumoebu custellunii (10000 rev. min-l, 1920 ml min-l); ( f ) Tetruhymena pyrifovmis ST (14000 rev. min-l, 1700 ml min-l).
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organisms were therefore harvested by centrifugation in the 6 x 11 rotor of an MSE Mistral centrifuge at 3000 rev. min-l for 10 min and resuspended in distilled water (volume equal to that of the original culture) before continuous-flow cell cycle fractionation. Figure 2 shows median and mean cell volumes as a function of the path length (fraction number) for sedimentation within the rotor. For all six organisms there was effective resolution of subpopulations of differing size distribution, although some anomalous values were found for the first few fractions. This effect resulted from turbulence near the feed inlet and was particularly marked at high flow rates (e.g. T. pyrijormis, Fig. 2 f) . Microscopical examination of the rotor effluents confirmed that under the centrifugation conditions used, all cells were retained within the rotor in the six experiments shown.
The present method of cell cycle analysis has been developed from the continuous-flow sue selection procedure for the preparation of synchronous cultures (Lloyd et al., 1975) ~ and has all the advantages of that method, in that it is technically simple and rapid, and avoids the prior harvesting of organisms and their exposure to density gradients. It can be applied to any type of culture in which organisms do not grow in chains or clusters and in which no flocculation occurs. It is applicable to mechanically fragile organisms, such as amoebae, and to highly motile organisms, such as Cr. fasciculata and T. pyrijormis; it might also find application in studies of cells of higher organisms grown in liquid culture.
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